Objective: Severe postesophagectomy gastric conduit dysfunction refractory to standard endoscopic intervention is rare, with few published reports discussing timing, technique, or results of reoperation. This case series examines assessment and management of severe conduit dysfunction and details techniques for conduit revision.
Esophagectomy with reconstruction using a gastric conduit allows normal eating for many patients but produces significant gastrointestinal alterations. Delayed gastric emptying, gastric outlet obstruction, paraconduit hernias, and dumping syndrome are commonly observed complications of postesophagectomy. [1] [2] [3] [4] [5] [6] [7] [8] Of these, impaired gastric emptying is the most common, with as many as 15% to 30% of patients experiencing dysphagia, postprandial fullness, nausea, and reflux. In extreme cases, patients suffer from aspiration and weight loss.
The initial management of these patients aims to improve gastric emptying with pyloric dilation or botulinum toxin injection to the pylorus. Although such treatments lead to symptom reduction in the majority of patients, up to 5% of patients have persistent symptoms of severe conduit dysfunction. 4, 8 Persistent symptoms in these patients can be associated with anatomic features such as a dilated and or redundant conduit, an inappropriately low esophagealgastric anastomosis that promotes reflux, and pyloric dysfunction with or without associated herniation of other abdominal contents such as colon or small bowel. Medications that promote gastric motility may improve conduit motility in the immediate, routine, postoperative period, but there are no long-term data demonstrating safety and effectiveness, and there is no evidence that such medications are therapeutic in late and difficult cases of severe conduit dysfunction.
9,10 Datta and colleagues 11 described rescue pyloroplasty alone to address refractory delayed gastric emptying postesophagectomy, but only 9 of 13 (69%) patients had resolution of their symptoms. The implantation of gastric nerve stimulators has been proposed to address severe conduit dysfunction, but the application of this technology is limited and the durability is unknown. 12, 13 Surgical revision has been used to address anatomic features associated with severe conduit dysfunction. Kent and colleagues 8 described revision in 21 patients symptomatic with a redundant conduit. Through a combined thoracic and abdominal approach, the conduits were mobilized in the chest, reduced into the abdomen, and sutured to the diaphragm. All but 2 (9%) revisional operations were completed minimally invasively with a success rate of 65%. A more extensive surgical approach that uses Rouxen-Y reconstruction has been described to address reflux esophagitis both preemptively, as a primary reconstructive technique, and in the reoperative setting.
14,15 D'Journo and colleagues 14 described a small series of 4 patients who underwent conversion of a standard gastric conduit to a Roux-en-Y reconstruction for severe conduit dysfunction. Only 2 of 4 (50%) patients had resolution of symptoms despite the drawbacks of significant morbidity and length of stay. 14, 15 Literature is sparse on how to best address severe postesophagectomy conduit dysfunction. Uncertainty exists regarding when and how to intervene, if and when to reoperate, and ultimately what operation to perform. This case series aims to share experiences and stimulate investigation by discussing the assessment and management of severe conduit dysfunction after esophagectomy and detailing our techniques for conduit revision for symptom relief.
METHODS

Patient Selection
We retrospectively reviewed patients who underwent conduit revision between September 2008 and October 2015 at our institutions. Washington University's Institutional Review Board approved the study. We excluded patients who underwent isolated repair of paraconduit hernias in the presence of an adequately performing gastric pull-up.
Esophagectomy Technique
Patients underwent the workup appropriate for their diagnosis. In the setting of esophageal cancer, diagnosis, staging, and neoadjuvant therapy followed guidelines outlined by the Society of Thoracic Surgeons and National Comprehensive Cancer Network. 16, 17 Both open and minimally invasive transhiatal and Ivor Lewis esophagectomies were performed during the study period. Treatment of the pylorus varied by surgeon, ranging from no treatment to botulinum toxin injection, pyloroplasty, or pyloromyotomy. The gastric conduit was tubularized to a width of 4 to 5 cm. The diaphragmatic crura were not reapproximated routinely after the esophagus was mobilized. The abdominal portion of the conduit was not tacked routinely to the diaphragm.
Initial Management
Postesophagectomy patients were followed in thoracic surgery clinic by the operating surgeon. Computed tomography scans were performed for oncologic surveillance in patients with a diagnosis of esophageal cancer. Symptoms suggestive of conduit dysfunction were evaluated in a stepwise manner but not according to any predetermined protocol. Flexible esophagoscopy commonly was performed to assess the presence of an anastomotic stenosis, retained food in the conduit, pyloric stenosis, and mucosal abnormalities such as anastomotic ulcer or recurrent cancer. Suspected gastric outlet obstruction was addressed with pneumatic dilation of the pylorus to 20 mm, the rare use of botulinum toxin injection 200 units in 8 mL total divided into 4 quadrants, or both. If a tight anastomosis was a concern, pneumatic dilation of the anastomosis also was performed. For patients with persistent symptoms despite dilation procedures, additional imaging was pursued. An esophagram often was obtained to assess conduit dynamics and shape, location of the pylorus, and the speed of emptying into the duodenum. Computed tomography of the chest, abdomen, and pelvis was obtained to evaluate the remainder of the anatomy around the reconstruction and any extrinsic factors that may be contributing to symptoms.
Conduit revision was indicated for patients with persistent symptoms refractory to initial management strategies and anatomic features amenable to surgical correction such as a dilated and or redundant conduit, a relatively low and or stenotic esophageal-gastric anastomosis, with or without an associated paraconduit hernia. Specific risks discussed with the patients preoperatively included but were not limited to bleeding, infection, pain, recurrent or persistent symptoms, enteric leak, chyle leak, phrenic nerve injury, aspiration, and conduit injury that could require a subsequent staged surgery to maintain the ability to eat. Nutrition was optimized before elective conduit revision, and patients completed antibiotics as indicated for aspiration pneumonia.
Surgical Technique
Patients were encouraged to have a thoracic epidural for analgesia. General anesthesia was administered, and patients were intubated with a double-lumen tube. Special care was taken to minimize the risk of aspiration on induction. Fiberoptic esophagoscopy was performed to empty the redundant conduit. All reoperations in this series started in the chest with a posterolateral thoracotomy either left or right. Bilateral posterolateral thoracotomies were performed rarely to safely mobilize the conduit. Attempts were made to reuse previous thoracotomy incisions. The inferior rib was shingled frequently to improve exposure. The conduit was mobilized from the anastomosis to the diaphragm, with care taken to avoid injury to the conduit blood supply and the phrenic nerve. Associated transverse colon hernias were dissected free and reduced. If indicated, the esophagogastric anastomosis was revised with an end-to-end anastomosis stapler at the level of the azygos vein or preferably higher. The necessity of revising the anastomosis was based on the surgeon's judgment at the time of surgery. Dilated conduit (excessive diameter and volume) was revised with a series of plication stitches using 2-0 silk or with a stapler along the lesser curvature to create a tube approximately 4 to 5 cm in width. The conduit revision was inspected with fiberoptic esophagoscopy.
To complete the revision, many patients were repositioned supine, and a laparotomy or laparoscopy was performed. Paraconduit hernias were reduced and repaired. Redundant conduit (excessive length in the chest) was reduced back into the abdomen with the goal of straightening out the conduit without putting the reconstruction under tension. Frequently, a few tacking stitches were placed between conduit and the crura. A pyloroplasty often was performed to improve gastric drainage. Placement of a jejunal feeding tube was performed selectively at the discretion of the surgeon, with or without a percutaneous retrograde gastric drain. 18 Patients were admitted postoperatively to either the thoracic step-down unit or intensive care unit, then transferred to the floor when appropriate. An esophagram was obtained on the seventh postoperative day. No oral intake was initiated until after there was no clinical or radiographic evidence of an enteric leak.
Patients were followed up in clinic at 1 month from their operation. A successful revision was determined subjectively by the patient describing symptoms and objectively by recording the patient's diet and weight.
RESULTS
During the 7-year study period, 8 patients underwent reoperation for conduit revision. Average patient age at the revision operation was 56 years (range 38-74 years), and 7 of the 8 patients were men. Six patients had an Ivor Lewis esophagectomy at their original operation, one had a transhiatal esophagectomy, and one had a distal esophagectomy with gastric pull-up. The type of initial anastomosis and management of the pylorus were variable (Table 1) . Four patients had a stapled end-to-end anastomosis anastomosis, 2 patients had a stapled side-to-side anastomosis, and 2 had a hand-sewn anastomosis.
Postesophagectomy symptoms of conduit dysfunction included nausea, dysphagia, reflux with or without aspiration, and or weight loss. All patients experienced at least one fiberoptic esophagoscopy with pyloric dilation and selective anastomotic dilation (average 3.3, range 1-9 esophagoscopies per patient). Prerevision contrast imaging demonstrated some consistent anatomic characteristics (Figures 1-3) . The conduits tended to be distended, with poor emptying and air-fluid levels. Some appeared to take a more horizontal rather than vertical course through the chest, leading to a relatively acute angulation of the conduit at the diaphragm. Specifically, patients 4, 6, and 7 underwent revision of their esophagogastric anastomosis, bringing it more proximal in the chest, thus straightening the conduit in the thorax. Two patients had associated paraconduit colon hernias. Average time from esophagectomy to reoperation was 3.8 years (range 2 weeks to 6.5 years). All revisions included a thoracotomy. Six patients had a right thoracotomy, one patient had a left thoracotomy, and one patient had bilateral thoracotomies. In 2 patients, no abdominal revision was required, one patient had a laparoscopic abdominal revision, and the remainder underwent a laparotomy. Revision was completed successfully in 7 patients. One patient had a liver mass, a recurrent tumor from the initial cancer that was not appreciated preoperatively. In this patient, the conduit revision was abandoned when liver biopsy demonstrated malignancy and a feeding jejunostomy tube was placed. There were 2 complications: one patient had a contained leak at the revised esophagogastric anastomosis requiring temporary jejunostomy tube placement and one patient required balloon dilation of the anastomosis and pylorus 1 month postrevision. The average length of stay was 9.9 days (range 4-21). An esophagram was performed postrevision, before we initiated a diet and discharged the patient from the hospital (Figures 1 and 2) . The average follow-up was 10.1 months (range 1-36). All 7 patients with completed revisions reported symptom improvement and returned to eating a regular diet.
DISCUSSION
Severe gastric conduit dysfunction after esophagectomy can be defined by symptoms not relieved with interventional endoscopy. Our case series suggests that this complication is rare. It is beyond the scope of this small article to speculate on the specific factors leading to this very rare complication. However, we demonstrate that in some patients, symptoms of severe conduit dysfunction are associated with multiple anatomic abnormalities that can be addressed surgically. Patient 2 had a conduit that had dilated with time, was poorly functioning with documented delayed gastric emptying, and a relatively low esophagogastric anastomosis located at 30 cm. Two patients had redundant conduits as well as paraconduit hernias. Patients 4 and 6 had conduits that were both dilated and redundant. The air fluid level such as the one seen in Figure 1 is evidence of poor motility. In all patients who underwent multiple pyloric dilations, transient symptom relief with pyloric dilation indicates some contribution of pyloric stenosis to their symptoms. These multiple anatomic abnormalities warrant a comprehensive revisional approach that we propose has several parts: optimize the level of the anastomosis and revise a stenotic anastomosis in the chest, narrow a dilated conduit, straighten an angulated conduit, reduce associated paraconduit hernias, and ensure adequate gastric drainage.
Ensuring adequate gastric drainage is deliberately subjective. The utility of surgical pyloric drainage at the time of esophagectomy is debated actively in the literature. 19 Our current practice has evolved to using botulinum injection at the time of the initial esophagectomy. In our series, 6 patients did not have surgical pyloric drainage at the time of their esophagectomy. At the time of their revision, 3 underwent pyloroplasty, 3 did not have any pyloric intervention, and 1 patient from each group underwent a single postrevision pyloric dilation for symptoms of dysphagia.
The patient who required anastomotic and pyloric dilation 1 month postrevision has not required any subsequent interventions. The patient who experienced a contained leak and required jejunostomy placement underwent esophagoscopy and pyloric dilation for symptoms of dysphagia one time, 8 months postrevision. His anastomosis appeared patent without stenosis.
Endoscopic pyloric interventions are a typical initial management strategy for postesophagectomy conduit dysfunction. The timing of when patients present with postesophagectomy gastric conduit dysfunction is variable. As evidenced by the time lapse between the date of their esophagectomy and the date of their first pyloric dilation in Table  1 , some patients manage for years before developing significant symptoms. Others develop symptoms within weeks or months of their operation. The incidence of severe conduit dysfunction refractory to balloon dilation or botulinum toxin injection seems to range between 0 and 5% in published series. In a retrospective study of more than 700 elective esophagectomies with 60% undergoing a gastric drainage procedure during initial esophagectomy, Datta and colleagues reported a 22% incidence of primary postoperative delayed gastric emptying leading to endoscopic balloon dilation and severe conduit dysfunction with symptoms refractory to those interventions in only 1.6% of patients. 11 Lanuti and colleagues 4 presented a series with 436 esophagectomies using a variety of techniques, with one half undergoing gastric drainage procedures at the index operation. Postoperative gastric outlet obstruction occurred in 22% (98 of 436). Treatment options were observation, administration of prokinetics, nasogastric tube drainage, and endoscopic balloon dilation. An average of 1.7 (range 1-5) pyloric dilations successfully treated gastric outlet obstruction in all but 5% (2 of 38 patients), with 87% of dilations occurring within 4 months from esophagectomy. The 2 patients with severe conduit dysfunction were managed with operative intervention, one with a rescue pyloroplasty and the other with a Roux-Y reconstruction. 4 Eldaif and colleagues 2 reported a series of more than 300 patients who underwent gastric drainage procedures (botulinum, pyloromyotomy, or pyloroplasty) during the index esophagectomies with a 12% incidence of delayed gastric emptying and 6% of patients requiring dilation of the pylorus by 6 months. In a retrospective review of more than 400 patients undergoing Ivor Lewis esophagectomy with tubular conduit reconstruction, Maus and colleagues 1 reported that after patients underwent one balloon dilation, about 30% needed a subsequent dilation up to a maximum of 4. These studies mirror our aggressive use of interventional endoscopy for initial management of postesophagectomy conduit dysfunction.
A subset of patients who receive multiple dilations experience temporary, but not durable, improvement. When this initial management strategy fails to control symptoms of dysphagia, reflux, and aspiration, an operative approach can be considered. The number of dilations (Table 1) before revisional surgery reflect both surgeon and patient readiness to proceed with a reoperation. Consideration is made of the initial pathology report and the time since the initial therapy, because a high fraction of patients with locally advanced esophageal cancer will succumb to recurrent disease, frequently in the first 2 years since treatment. Esophagram and computed tomography imaging at this juncture are critical. One of our patients presented with obstructive symptoms and an esophagram consistent with delayed gastric emptying and had been treated with 3 endoscopic procedures including pyloric dilation and botulinum injection. His reoperation was attempted 6.5 years from his index esophagectomy and, intraoperatively, he was found to have a large liver metastasis causing extrinsic compression of his conduit (Figure 3) . Computed tomography imaging evaluates the remaining anatomy in the chest and abdomen that may be contributing to symptoms, such as the location of the esophagogastric anastomosis in the chest, metastatic disease, or a paraconduit hernia.
The decision to revise the esophagogastric anastomosis at the time of the revision is determined by (1) the location of the anastomosis and (2) whether there is a concern for stenosis at the anastomosis. The authors have a preference for an anastomosis that is 25 cm from the incisors or higher, so the degree to which that mark is missed in a symptomatic patient with conduit dysfunction will guide the decision about revising the anastomosis. Thoracic mechanics dictate that the negative pressure generated by inhalation can worsen reflux, particularly if the anastomosis is in the lower half of the chest and there is fluid filled stomach straddling the hiatus. The decision to tubularize and narrow a dilated conduit is based on multiple studies indicating that, compared with using the whole stomach for reconstruction, a partial gastric tube correlates with better quality of life and reflux scores. [19] [20] [21] Repairing associated paraconduit hernias is not without potential morbidity; however, in the setting of conduit revision we feel that the presence of a paraconduit hernia may worsen symptoms of dysphagia and fullness. [5] [6] [7] A singular retrospective study addresses rescue pyloroplasty alone in 13 patients with refractory delayed gastric emptying postesophagectomy. 11 Although the data on performing gastric drainage at the initial esophagectomy are mixed, in the setting of severe gastric conduit dysfunction like that in the patients we have reported here, we feel that ensuring adequate gastric drainage outweighs the risk of allowing symptomatic bile reflux and mucosal changes.
Our series used a combined thoracic and abdominal approach that we feel is critical for a successful revision. We agree with the study by Kent and colleagues 8 that the thoracic exposure is essential for full mobilization of the conduit. Although some centers have described a minimally invasive approach to gastric conduit revision with limited success, in our hands, we have demonstrated that a selective and open approach has yielded excellent results with minimal morbidity and no mortality.
Another alternative to our adopted strategy of conduit revision may be a Roux-en-Y reconstruction.
4,14 D'Journo and colleagues 14 described 4 revision surgeries for reflux into the conduit with or without associated gastroparesis. All 4 patients received a Roux-en-Y reconstruction between 2 and 11 years from the original operation. Only one anastomosis had to be revised and that was due to a gastrobronchial fistula. 14 Although this reconstruction does comprehensively address the anatomic components that contribute to symptoms of dysphagia and reflux, it is more complex and potentially morbid in a reoperative setting. Finally, colon interposition or the so-called ''supercharged jejunum'' seem appropriate when stomach is not available, but those strategies seem heavy-handed when the stomach is available but simply needs revision.
There are several limitations to our study. First and foremost, severe conduit dysfunction is extremely rare; thus, we are limited to a small number of patients studied in a retrospective manner. This is not a trial, and there was not a protocol that was followed. These patients represent routine clinical care, and the decisions made were the best options available at the time they were chosen. In addition, this study cannot attempt to answer questions about how best to prevent severe conduit dysfunction. The systematic review by Akkerman and colleagues 19 discusses details of gastric tube construction associated with the incidence of impaired gastric mobility and also concludes that a pyloric drainage procedure performed at the time of esophagectomy did not have a statistically significant effect on the incidence of delayed gastric emptying. Although our report is a small retrospective case series, the study demonstrates the feasibility of conduit revision in this patient population and allows others to learn from our successes and mistakes.
CONCLUSIONS
Severe gastric conduit dysfunction after esophagectomy is rare. Symptoms, esophagram findings, and response to interventional esophagoscopy guide the decision to consider revising the conduit. Computed tomography imaging is essential in ruling out extrinsic factors leading to conduit dysfunction. Principles of conduit revision include revision of the anastomosis cephalad as needed, reducing paraconduit hernias when present, plication or stapled excision of dilated conduit, straightening an angulated conduit, and ensuring adequate gastric drainage. Conduit revision has been performed selectively with minimal morbidity and provides patients with durable improvement in symptoms of dysphagia and reflux.
